Hollow micro/nanostructures metal oxide as advanced anodes for lithium-ion batteries by 麻亚挺 et al.
 ? 6? ? 5? 
2017? 9? 
?  ?  ?  ?  ?  ?  ?    ????? 


















??????TM 911.1 ?               ??????A              ?????2095-4239?2017?05-871-18 
 
Hollow micro/nanostructures metal oxide as advanced anodes for 
lithium-ion batteries 
 
MA Yating, HUANG Jian, LIU Xiang, LIU Pengfei, CAI Yuxin, XIE Qingshui, PENG Dongliang 
(Collaborative Innovation Center of Chemistry for Energy Materials, Department of Materials Science and Engineering, College 
of Materials, Xiamen University, Xiamen 361005, Fujian, China) 
 
Abstract: More efforts are needed to upgrade the performances of lithium-ion batteries (LIBs) for their 
further applications in various large electrical appliances such as electric vehicles and smart grid as 
these devices require high capacity, power density, high rate capability and especially safety. Electrode 
materials are the key to the performance of LIBs. Recently, metal oxides with much higher capacities 
and better safety have the prospect of becoming alternative anode materials of commercial graphite. 
However, the intrinsic low charge/ionic conductivity and poor cycling structural stability lead to poor 
cycling and rate performances, which greatly hinder their commercial applications. To overcome these 
disadvantages of metal oxide anodes for LIBs, several strategies have been developed during the past 
decade. Among them, metal oxide hollow micro-nanostructures exhibit excellent electrochemical 
properties as anode material for LIBs. In this review, we first describe the current commonly 
preparation methods to synthesize metal oxide hollow structures and comment on their advantages and 
shortages. According to some typical examples, we show the promising use of metal oxides 
hollow-structured anode materials for LIBs. Finally, the direction and prospect of metal oxide hollow 
micro-nanostructures using as anode materials are further discussed. 





























































? 1  ??????????????????????????/???????/?????????????[6] 
Fig.1  Classification of oxide anode materials based on the reversible Li insertion and extraction process: 
Intercalation-deintercalation, alloying-dealloying, and conversion (redox) reaction[6] 
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? 1  ????????????????? 
Table 1  Theoretical capacities of some familiar metal 
oxide anode materials 































































? 2  ????????????[26] 
Fig.2  Schematic illustration of a conventional hard 
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? Cu2O ??????????????WANG       
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? 3  ?? CTAB??????? Cu2O??????a??
???b???????c?????[47] 
Fig.3  The formation of different Cu2O hollow structures 
in the presence of a CTAB template: (a) micelle; (b) 

















































? 4  ?????????????????????[52] 
Fig.4  A schematic illustrating the evolution of the 
morphology for the zinc citrate microspheres with ageing 






















?????????? Sn ???? SnO2-CP ??
????????????????? 
 
? 5 ?a?????? SnO2-CP???????????  
?b?Sn?????c?Sn-SnO2-CP??????          
?d?SnO2-CP?????? TEM??[64] 
Fig.5  (a) Schematic diagram for the growth process of 
SnO2-CP HHS during a hydrothermal treatment; TEM 
images of (b) Sn spheres; (c) Sn-SnO2-CP HHS, and (d) 
SnO2-CP HHS[64] 
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? 6 ?a???????? TiO2?????????TiO2???? SEM?b?? TEM?c?????d?????????
????e?????[70] 
Fig.6  (a) Schematic formation of TiO2 hollow spheres composed of nanosheets; SEM (b) and TEM (c) images of TiO2 
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? 7  ??? ZnSnO3-C?????? SEM?a??TEM?b?c??STEM?d???????????e???? ZnSnO3-C
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Fig.7  The SEM (a); TEM (b-c); STEM; (d) and elemental mappings; (e) of amorphous ZnSnO3-C hollow microcubes; The 
cycling properties; (f) and rate capabilities; (g) ZnSnO3-C hollow microcubes[82] 
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Fig.8  (a)Mechanism for the formation of the multishelled Co3O4 hollow microspheres under different adsorption 
conditions; (b) First-cycle discharge-charge curves for the multishelled Co3O4 hollow microspheres at a current density of 
50 mA·g-1 between 0.05 and 3.0 V; (c) Discharge capacity versus cycle number for the prepared Co3O4 hollow microspheres 
and commercial Co3O4 at a current density of 50 mA·g1; (d, e, f) SEM and (g, h, i) TEM images of double-, triple-, and 
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Fig.9  (a) Schematic illustration of the formation process of Fe3O4 hollow microspheres; (b-e) TEM images of the products 
obtained after reaction for (b) 2 h; (c) 4 h; (d) 8 h; and (e) 16 h. Scale bars: 2 mm; (f) Discharge-charge voltage profiles and 
(g) cycling performance of the Fe3O4 hollow spheres. All galvanostatic tests were performed at a constant current density of 
200 mA·g-1 between 0.05 and 3.0 V 
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Fig.10  (a) Schematic illustration of the facile synthesis of sandwichlike Ag-C@ZnO-C@Ag-C hybrid hollow microspheres; 
(b) Schematic illustrations of electron transport process during cycling for sandwich-like Ag-C@ZnO-C@Ag-C hybrid 
hollow microspheres and ZnO/Ag hybrid hollow microspheres; SEM (c) and TEM (d) of sandwich-like Ag-C@ZnO-C 
@Ag-C hybrid hollow microspheres; STEM image; (e) and the corresponding dot-mapping images; (f) of hybrid hollow 
microspheres; Cycling performances at 200 mA·g1 (g); and rate capability at various current densities (h) of sandwich-like 
Ag-C@ZnO-C@Ag-C hybrid hollow microspheres[59] 
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